Abstract. Sun-as-a star observations put our star as a reference for stellar observations. Here, I review the activities in which the SPACEINN global seismology team (Working Package WP4.1) has worked during the past 3 years. In particular, we will explain the new deliverables available on the SPACEINN seismic+ portal. Moreover, special attention will be given to surface dynamics (rotation and magnetic fields). After characterizing the rotation and the magnetic properties of around 300 solar-like stars and defining proper metrics for that, we use their seismic properties to characterize 18 solar analogues for which we study their surface magnetic and seismic properties. This allows us to put the Sun into context compared to its siblings.
Introduction
The objective of the global seismology team inside the SPACEINN collaboration, namely Working Package 4.1, is to discuss the current problems in global seismology of the Sun and solar-analogue pulsating stars. Naturally, attending to the type of observations, i.e. Sun-as-a-star or imaged ones, the work and the discussions related were divided in low and high-degree modes. In this proceedings I will concentrate on the activities of the group concerning the low-degree modes obtained in Sun-as-a star observations and in the studies of solar analogues.
During the past three years, the discussion of highdegree global modes were focused on the use of different fitting codes and the differences obtained when several datasets of different instruments were used. Some of the works done in this direction are summarized in [e.g. 1, 2] . Briefly, it has been found that some of the p-mode parameters (for example the mode asymmetries) are inconsistent when different fitting methods are used, while they are consistent when a single methodology is used in different datasets, e.g., with GONG [3] or with MDI and HMI [4, 5] . Moreover, inversions of the internal rotation profile showed that the solar magnetic cycle 24 is different from cycle 23. The work with different datasets and methods evidenced that the twist appearing at high latitudes with time in several helioseismic variables is very likely to be a numerical artifact [for more details see 2].
Concerning the low-degree modes, the two main axes of the work in the WP4.1 were concentrated on the development of new statistical tools to study these modes and the study of the temporal evolution of their properties during the evolution of the solar magnetic activity cycle. The solar results were placed into a stellar context by comparing them to observations of other solar analogue stars observed by the NASA Kepler mission [6] .
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Real and simulated solar time series
A huge effort has been led by the WP4.1 in order to provide properly calibrated datasets obtained from the Sunas-a-star instruments on board the Solar and Heliospheric Observatory (SoHO [7] ), as well as from the Mark-I instrument, a solar spectrophotometer located and operated at Observatorio del Teide (Tenerife, Canary Islands, Spain). It provides precise radial velocity observations of the Sun-as-a-star 1 at the Potassium KI 7699 Å absorption solar line. Observations extend from 1976 to 2012 although only the summer campaigns of 1976 to 1983 are available.
Photometric light curves of the Sun Photometers (SPM) of the Variability of solar IRradiance and Gravity Oscillations instrument (VIRGO [8] ) are now available at the SPACEINN portal 2 . These are 60 s cadenced time series starting on April 11, 1996 of the three channels of 5 nm bandwidth centered at 402 nm (blue), 500 nm (green) and 862 nm (red). These light curves are corrected from outliers and then filtered with a high-pass filter running mean to remove unwanted low-frequency trends. An additional correction is also applied whenever possible in order to correct for the so-called SPM "attractor" as explained in [9] .
Doppler velocity time series observed by the Global Oscillations at Low Frequency (GOLF [10] ) instrument are also available in the SPACEINN portal 3 . Observations obtained from the blue or the red wing of the Sodium doublet [11] , each one with a different sensitivity to the solar disk [12] , have been calibrated following the methods explained in [13] and the two independent channels have been averaged into one single time series. The starting date is at midnight of April 11, 1996 and the sampling rate is 60 s in order to follow the same cadence than the other two helioseismic instruments on board SoHO.
Numerical simulations have also been created and are available on demand. All the information can be found in the SPACEINN portal 4 . Three different type of simulations were created:
1. Spherical-shell simulations of magnetoconvection.
2. Numerical Simulations of linear waves/modes in complex media.
3. Box simulations of compressible magnetoconvection.
Fitting low-degree solar modes
In helioseismology, it is common practice to characterize the acoustic modes by fitting single modes using a frequentist approach at low frequencies and pairs of even or odd modes at higher frequencies [e.g. [14] [15] [16] [17] . But with the development of asteroseismology and due to the natural complications to properly identify the modes, global fittings were established as standard methods [e.g. [18] [19] [20] [21] [22] [23] .
Moreover, bayesian fitting techniques were soon adopted in asteroseismology [e.g. [24] [25] [26] [27] [28] [29] and also tested on the Sun [30] . Although the difference between the bayesian and the frequentist approach in the case of the Sun could be neglected [e.g. 31], we decided to adapt the highDImensional And multi-MOdal NesteD Sampling asteroseismic Bayesian global-fitting tool [DIAMONDS, 28] to the solar case 5 . An example of the application of the code to the GOLF velocity time series can be seen in figure 1 . Because of the particularities of the GOLF measurements, the p-mode power excess has been fitted using a double Gaussian following [32] . A full analysis of the GOLF and VIRGO/SPM datasets using this tool will be soon available (Corsaro et al. in preparation) .
A lot of discussions and efforts were employed to study low-frequency p modes and g modes in the Sun. Although the signature of the g-mode period spacing was found using GOLF observations [33, 34] , it has been impossible to unambiguously detect individual g modes with a high confidence level [35] [36] [37] . Special effort has been spent to find better ways to combine contemporary datasets as it was already outlined in [30] . Proper covariant matrices have been developed (Broomhall et al. in preparation) but the results have not allowed us to find solar g modes so far.
Photospheric magnetic activity proxy
The quasi continuous space observations required to perform helio-and astero-seismic studies can be used to track the evolution of the photospheric magnetic field [e.g. [38] [39] [40] [41] [42] as well as in the sub-photospheric layers through seismology [43] [44] [45] [46] [47] . In the SPACEINN framework, we have extensively studied the photospheric magnetic activity proxies obtained from photometric observations, S ph [e.g. 48, 49] and Doppler velocity time series S vel . Briefly they track the standard deviation of subseries of a length proportional to the rotation period in order to ensure that the periodicities are related to stellar spots and hence, to magnetic activity. An example of the solar S vel measured using the GOLF data is given in figure 2 .
In particular, we have used the Sun as a reference (Salabert et al. in preparation) and we have compared S ph and S vel to many other solar magnetic proxies [50] . An example of these comparisons is shown in figure 3 .
Four time series of the S ph corresponding to the VIRGO/SPM blue, green, red channels, and the Keplerlike composite as well as one time series of the GOLF S vel are available at the SPACEINN portal 6 . These files are updated in multiples of 5x27= 135 days because, as it has been demonstrated for the Sun and other stars [52] , a length of five times the rotation period provide the best compromise to study the evolution of the magnetic activity cycle. These solar datasets have been computed from the raw time series of VIRGO/SPM and GOLF applying the calibration procedures developed for Kepler [53] using a high-pass filter with a cut-off period at 60 days.
Comparison of solar magnetic activity cycles 23-24
A particular effort has been done to study the magnetic activity cycle of the Sun and to better understand the differences between cycles 23 and 24 that we know had a particularly unexpected long magnetic activity minium [e.g. 54, 55] . Thanks to helioseismology, it si now possible to "see" inside the Sun below the photosphere and study the changes during the evolution of the solar cycle [e.g. 56] . An example of the frequency shifts of modes of degrees =0, 1, and 2 are shown in figure 4 . They have been calculated at three different depths beneath the photosphere at (∼2400, ∼1300, and ∼760 km) [57] . The lowfrequency modes show nearly unchanged frequency shifts between Cycles 23 and 24, with a time evolving signature of the quasi-biennial oscillation [58, 59] , which is particularly visible for the quadrupole component revealing the presence of a complex magnetic structure. The modes at higher frequencies show frequency shifts 30% smaller during Cycle 24, which is in agreement with the decrease observed in the surface activity between Cycles 23 and 24. The frequency tables associated with the work described in [57] are now available at the SPACEINN portal 7 . A total of 69 non-independent one-year frequency tables of modes =0, 1, 2, and 3 are available. They were computed using 365 days time series (with a four-time overlap of 91.25 days) to avoid any perturbation induced by the 1-year orbital motion of the SoHO spacecraft and covering a total of 18 years starting in April 1996.
Sellar Activity: Solar analogues
One of the most important questions we have to answer in astrophysics is if the Sun is a typical star or not attending to its photospheric properties, in particular, to its activity. Indeed, the amount of magnetic activity in a star is crucial for the development of life. Therefore, it is important to be able to compare the Sun to its closest siblings as it has been shown that when a wider comparison is done in terms of the length of activity cycles and surface rotation rates, the Sun seems to be a particular star between the so-called active and inactive branches [60] .
However, we know that stars exhibiting pulsations has low surface magnetism because the latter inhibits the oscillation modes [39, 40, 43, 61] . Therefore, the first step is to compare the Sun to solar-type pulsating analogs. This has been done by several members of the WP4.1 for 18 solar analogs observed by Kepler [62] . It has been found that the photospheric activity levels of 15 of the solar analogs are comparable to the range between the minimum and the maximum of the solar magnetic activity during the solar cycle (see figure 5 ). Figure 5 . Photospheric magnetic activity index, S ph (in ppm), as a function of the rotational period, P rot (in days from [49] ), of the 18 seismic solar analogs observed with the Kepler satellite. The mean activity level of the Sun, calculated from the VIRGO/SPM observations, is represented for a rotation of 25 days with its astronomical symbol, and its mean activity levels at minimum and maximum of the 11-year cycle are represented by the horizontal dashed lines. Adapted from [62] .
The two stars in figure 5 with a higher S ph correspond to the youngest stars in the sample. Hence, it is normal to have higher surface magnetic activity compared to the Sun. One star with a rotation period comparable to the Sun (i.e. with an age similar to the Sun as expected from gyrochronology), is observed to have a photospheric activity slightly lower than the Sun at its minimum. This could be a consequence of a tilted star compared to the line of sight as the photospheric activity proxy depends on the stellar inclination angle. A similar picture can be drawn when a chromospheric proxy, the Ca K lines, are used to study the magnetism of these stars. Again, inside the error bars, all apart for the two youngest ones have activity levels inside the solar range.
The youngest star in the sample, KIC 10644253 (1.1 ± 0.2 Gyr, [63] ), has been extensively analyzed as a possible precursor of our Sun. A magnetic activity modulation of ∼1.6 years has been measured in the S ph as well as in the frequency shifts [45] , and in the p-mode amplitudes [47] . This modulation could be analogous to what has been found by [64] in the Mount Wilson star HD 30495, having very close stellar properties and falling on the inactive branch reported by [60] . Interestingly, some discrepancies are seen when compared the seismic results with the photospheric proxy. Because this star seems to have a low inclination angle with a weighted average value of i = 23
o , it is conceivable that the regions of high activity are largely confined to the nearly out-of-sight hemisphere of the star where the discrepancy between the activity proxies are the largest [47] .
Follow up observations have been engaged in the Hermes/Mercator telescope during the last two years for all these targets. An example is shown in figure 6 for KIC 10644253 and KIC 3241581. The chromospheric S index seems to follow the magnetic modulation depicted form the Kepler S ph proxy. However, longer follow up observations will be required to confirm the periodicity of the magnetic activity cycle of those stars.
Conclusions
The global helioseismology working group (4.1) in the SPACEINN project has been a success because of the quality and quantity of the work done as well as for the tools and datasets delivered to the community through the SPACEINN web portal. But the work of this team will not finish at the end of 2016 with the official end of the project. WP4.1 is still working on several scientific papers (e.g. Broomhall et al., Corsaro et al., Salabert et al.) and it will continue working together in some other on-going analysis of helioseismic data. It is also important to mention that the deliverables provided go beyond what was originally proposed in the project. WP4.1 has also been a success reinforcing the synergies between helio-and asteroseismology with a continuous transfer from one to the other, in particular, on the studies of solar analogue stars, which are allowing us to better understand the Sun compared to its siblings. 
